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PRVWSKRWRHOHFWURQVFRPHIURPWKHILUVWOD\HU7KHUHIRUHWKHVSLQSRODUL]DWLRQUHVXOWV17 
EDVLFDOO\VKRXOGUHSUHVHQWWKHWRSPRVWPRQROD\HUZLWKYHU\VPDOOOLWWOHFRQWULEXWLRQV18 
IURPWKHORZHUOD\HUV 19 
7KHVSLQSRODUL]DELOLW\GHWHFWHGE\VSLQ$53(6LVGHILQHGDV 20 
 ൌ ଵௌ೐೑೑ ூశିூషூశାூష                            21 
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7KHYDOXHRI6HIILV瀾ZKLFKLVWKHHIIHFWLYH6KHUPDQIXQFWLRQGHWHUPLQHGE\1 
WKHVSLQ$53(6V\VWHP,DQG,DUHWKHLQWHQVLW\DFTXLUHGE\WKHWZRFKDQQHOWURQVDW2 
RSSRVLWHGLUHFWLRQV6SLQSRODUL]DWLRQVDW.DQG.ƍDUHGHPRQVWUDWHGLQ)LJG7KH3 
SRODUL]DWLRQDW.LVRSSRVLWHWRWKDWDW.ƍZLWKWKHVDPHOHYHOYHULI\LQJWKHFRPSOHWHQHVV4 
RIWLPHUHYHUVDOV\PPHWU\DQGQRQHWPDJQHWLFPRPHQWXPH[LVWLQJV7KHODUJHVSLQ5 
SRODUL]DWLRQRIDW.DQG.ƍKDVSURYHQSXUHVSLQVSOLWWLQJDW WKHVH WZRYDOOH\V6 
FRLQFLGLQJZLWKW\SH-?'UHVVHOKDXVHIIHFW>@,QSODQHVSLQSRODUL]DWLRQGDWDDW.DQG7 
.ƍ DUH VKRZQ LQ )LJ 6 >@ ZKLFK GHPRQVWUDWH QHJOLJLEOH VSLQ SRODUL]DWLRQ8 
&RQVLGHULQJWKHJHRPHWU\RIWKHV\VWHPDVVKRZQLQ)LJ6DQGQRQSRODUL]HGSKRWRQV9 
XVHGGXULQJVSLQ$53(6PHDVXUHPHQWVDVVKRZQLQ)LJ6>@WKHLQIOXHQFHWRWKH10 
VSLQSRODUL]DWLRQYHUWLFDOWRWKHVDPSOHVXUIDFHGXHWRWKHPDWUL[HOHPHQWHIIHFW>@11 
FKHFN UHIV FDQ EH HVWLPDWHG WR EH DURXQG  LV QHJOLJLEOH FRPSDUHG WR 12 
>@ZKLFK LVPXFKVPDOOHUFRPSDUHG WR WKH VSLQSRODUL]DWLRQRIREVHUYHG13 
7KHUHIRUHWKHVSLQSRODUL]DWLRQGHWHFWHGUHSUHVHQWVWKHLQWULQVLFVSLQSRODUL]DWLRQDW.14 
DQG .ƍ7KH GHWHFWHG VSLQ SRODUL]DWLRQ VKRXOG LV DOVR EH GRPDLQ LQIOXHQFHG$V ZH15 
GLVFXVVHGEHIRUHGLIIHUHQWVHFWRUVĮȕFDQLQGXFHUHYHUVHVSLQSRODUL]DWLRQZKLFKLV16 
DOVRLQGLFDWHGLQ>@+HQFHWKHWHUPLQDOVHFWRURIWKHVDPSOHFDQDOVRLQIOXHQFHWKH17 
UHVXOWV,QWKLVZRUNWKHKHOLXPOLJKWVRXUFHZDVIRFXVHGRQWKHVDPHORFDWLRQRIWKH18 
VDPSOH VXUIDFH GXULQJ WKH VSLQ$53(6 PHDVXUHPHQWV WR PLQLPL]H DQ\ SRVVLEOH19 
LQIOXHQFHLQGXFHGE\GRPDLQ6LQFHWKH7KHODUJHKXJHVSLQVSOLWWLQJSRODUL]DWLRQRIXS20 
WRDFTXLUHGDW.DQG.ƍLQGLFDWHVWKDWZHFDQFRQFOXGHWKDWWKHGRPDLQGHWHFWHG21 
LVPDLQO\WHUPLQDWHGZLWKRQHVHFWRUDQGZHNHSWWKHIRFXVVSRWRIWKHKHOLXPODPSDW22 
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WKHVDPHORFDWLRQGXULQJWKHVSLQ$53(6PHDVXUHPHQWVWRDYRLGWKHLQIOXHQFHLQGXFHG1 
E\ GRPDLQ +RZHYHU ZLWK WKH EUHDNLQJ RI LQYHUVLRQ V\PPHWU\ DW VDPSOH VXUIDFH2 
YHUWLFDOGLSROHLQ+0R7HFRXOGEHDQRWKHUFDXVHRIWKHREVHUYHGVSLQSRODUL]DWLRQ3 
1R QHW VSLQ SRODUL]DWLRQ H[LVWV DW 0 SRLQW DV VKRZQ LQ )LJ H ZKLFK PHDQV4 
VXJJHVWLQJ WKDW WKH VSLQ SRODUL]HG VWDWHV DUH DOVR UHJXODWHG LQ PRPHQWXP VSDFH5 
FRLQFLGLQJ ZLWK WKH UHVXOWV RI :6H >@ 7KH ODUJH VSLQ SRODUL]DWLRQ GDWD DERYH6 
REVHUYHGH[SHULPHQWDOO\UHYHDOVGHPRQVWUDWHVWKDWWKHUHH[LVWVLQYHUVHQHWVSLQVSOLWWLQJ7 
DURXQG.DQG.ƍYDOOH\VLQGLFDWLQJWKHLQHTXLYDOHQFHRIWKHWZRYDOOH\VZLWKLQHDFK8 
PRQROD\HUKHUHSUHGRPLQDWHO\WKHWRSPRVWPRQROD\HU  9 
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7RUHYHDOWKHRULJLQRIWKHDERYHPHDVXUHGVSLQVSOLWWLQJZHFRQGXFWHGWKHRUHWLFDO12 
HYDOXDWLRQV RQ WKH HOHFWURQLF VWUXFWXUH DQG VSLQ SRODUL]DWLRQ RI +0R7H LQ WKH13 
IUDPHZRUNRI')7>@)LJDVKRZVWKHFDOFXODWHGRUELWDOSURMHFWHGEDQGVWUXFWXUH14 
RIEXON+0R7HLOOXVWUDWLQJWKDWWKHPDMRULW\FRPSRQHQWVRIWKHILUVWWZRYDOHQFH15 
EDQGV 9% DQG 9% DW . YDOOH\ DUH 0RG VWDWHV 7KH H[SHULPHQWDOO\ PHDVXUHG16 
YDOHQFHEDQGVWUXFWXUH>)LJD@LVUDWKHUVLPLODUWRWKHFDOFXODWHGYDOHQFHEDQGRIEXON17 
PDWHULDOVLQGLFDWLQJWKDWWKHVXUIDFHHIIHFWLQH[SHULPHQWVLVLJQRUDEOH7KHFDOFXODWHG18 
HQHUJ\GLIIHUHQFHEHWZHHQ9%DQG9%DW.YDOOH\RI+0R7HLVPH9VOLJKWO\19 
KLJKHU WKDQ WKHH[SHULPHQWDOYDOXHRIPH9EXW VPDOOHU WKDQ WKHPHDVXUHGVSLQ20 
VSOLWWLQJLQ:6H>@VXJJHVWLQJWKDWWKHVSLQVSOLWWLQJLVPDLQO\UHODWHGWRWKH0VLWHLQ21 
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0;:KDVODUJHU62&WKDQ0RZKHUHDV6HKDVVPDOOHU62&WKDQ7H:HIXUWKHU1 
SURMHFWWKHVSLQDQGRUELWDOFRPSRQHQWVRI9%DQG9%DW.YDOOH\WRLOOXVWUDWHWKH2 
VHJUHJDWLRQRIVSLQVWDWHV$VVKRZQLQ)LJVEDQGFIRUWKHPDMRULW\RUELWDO0R3 ݀௫మି௬మ VWDWHWKHVSLQXSGRZQVWDWHVDUHVHJUHJDWHGLQWKHȕĮVHFWRUIRU9%DW.4 
SRLQWZKHUHDVIRU9%WKHVSLQXSGRZQVWDWHVDUHLQĮȕVHFWRUGHPRQVWUDWLQJD5 
FDVH RI VSLQOD\HU ORFNLQJ )LJ 6 >@ VKRZV WKDW WKH VWDWHV DW .ƍ SRLQW KDYH WKH6 
RSSRVLWHVSLQSRODUL]DWLRQGLUHFWLRQVDVWKHFRUUHVSRQGLQJVWDWHVDW.SRLQWZKLFKFRXOG7 
EHUHODWHGWRWKHH[SHULPHQWDOO\REVHUYHGRSSRVLWHVSLQSRODUL]DWLRQVDW.DQG.ƍ 8 
7RFOHDUO\GHPRQVWUDWHWKHUHODWLRQVKLSEHWZHHQWKHH[SHULPHQWDOO\PHDVXUHGQHW9 
VSLQSRODUL]DWLRQDQGWKHSRWHQWLDOO\KLGGHQVSLQSRODUL]DWLRQLQ0R7HDVDQWLFLSDWHG10 
IURP LWV FU\VWDOOLQH V\PPHWU\ >@ ZH HYDOXDWH WKH ORFDO VSLQ SRODUL]DWLRQV RI WKH11 
LQYHUVLRQV\PPHWULFĮDQGȕVHFWRUVLQEXON+0R7HDVVKRZQLQ)LJVDDQGE12 
7KHORFDOVSLQSRODUL]DWLRQVRIHDFKVHFWRULVFDOFXODWHGE\VXPPLQJWKHH[SHFWDWLRQ13 
YDOXHVRIVSLQRSHUDWRURYHUWKHVXEVSDFHRIGHJHQHUDWHGVWDWHVDVWKHHQHUJ\EDQGVLQ14 
+0R7HDUHGRXEO\GHJHQHUDWHGSHUWLPHUHYHUVDOV\PPHWU\DQGLQYHUVLRQV\PPHWU\15 
WKXVWKHHYDOXDWHGORFDOVSLQSRODUL]DWLRQ>@LVJDXJHLQYDULDQW$VWKH9%DQG9%16 
VWDWHV PHDVXUHG LQ H[SHULPHQWV DUH PDLQO\ IURP 0R DWRPV ZH ZLOO IRFXV RQ WKH17 
V\PPHWU\RI0RVLWHVDQGLWVUHODWHGVSLQSRODUL]DWLRQ,QHDFK+0R7HOD\HUĮRUȕ18 
VHFWRUWKHLQYHUVLRQDV\PPHWULFSRLQWJURXS'KRI0RVLWHVOHDGVWRORFDO'UHVVHOKDXV19 
VSLQSRODUL]DWLRQDVVKRZQE\UHGEOXHDUURZVIRUĮȕVHFWRULQ)LJVDDQGE20 
²D$OO WKH VSLQ SRODUL]DWLRQV DUH DORQJ RXWRISODQH GLUHFWLRQV ZLWKRXW KHOLFDO VSLQ21 
WH[WXUHFRQILUPLQJWKDWWKHVSLQHIIHFWVDUHGRPLQDQWO\UHODWHGWRWKH0RVLWHV7KHWZR22 
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OD\HUV Į DQG ȕ VHFWRUV LQ WKH SULPLWLYH FHOO >)LJ E@ SRVVHVV RSSRVLWH ORFDO VSLQ1 
SRODUL]DWLRQVOHDGLQJWRFRPSHQVDWHG'UHVVHOKDXVVSLQSRODUL]DWLRQ$OWKRXJKWKH7H2 
VLWHV LQ +0R7H ZLWK &Y SRLQW JURXS V\PPHWU\ FRXOG LQWURGXFH 5DVKED VSLQ3 
SRODUL]DWLRQ>@WKHLUHIIHFWLVQHJOLJLEOHIRU9%DQG9%DW..ƍYDOOH\ 4 
7KHQHWVSLQSRODUL]DWLRQREVHUYHGLQRXUH[SHULPHQWVLVDFRPELQDWLRQWKHVXP"5 
RIWKHORFDOVSLQSRODUL]DWLRQRIWKH+0R7HOD\HUVZLWKDVHWRIZHLJKWVWKDWEUHDN6 
WKHIXOOFRPSHQVDWLRQRIORFDO'UHVVHOKDXVHIIHFWV²WKHZKHUHWKHZHLJKWVDUHUHODWHG7 
WR WKH HVFDSH GHSWK RI SKRWRHOHFWURQV )LJ F VKRZV WKH VSLQ SRODUL]DWLRQV 6]8 
HYDOXDWHGIURPWKHVSLQSRODUL]DWLRQGDWDRIĮDQGȕVHFWRUVVKRZQLQ)LJVDDQGE9 
IRU9%DQG9%FRQVLGHULQJWKHHVFDSHGHSWKRISKRWRHOHFWURQV>@:HILQGWKDWWKH10 
VSLQSRODUL]DWLRQVRI9%DW..ƍDUHDORQJ±]]GLUHFWLRQZKHUHDVWKRVHIRU9%11 
DUH DORQJ ] ] GLUHFWLRQ LQ DJUHHPHQW ZLWK H[SHULPHQWDO UHVXOWV >)LJ G@ %RWK12 
H[SHULPHQWDQGWKHRU\ILQGVXJJHVWQHDUO\YDQLVKHGVSLQSRODUL]DWLRQDW0SRLQW 13 
7R WHVW WKH HIIHFW RI VXUIDFH V\PPHWU\ EUHDNLQJ LQ H[SHULPHQWV ZH KDYH14 
DSSODSSOLHG\DPHGLXPGLSROHILHOGRIN9FPFRQVLGHULQJWKHPHGLXPEUHDNGRZQ15 
ILHOGRI0R7HDORQJ]GLUHFWLRQ LQ WKH+0R7H VWUXFWXUHDQGFDOFXODWHG WKHVSLQ16 
SRODUL]DWLRQ RI WKH LQYHUVLRQ DV\PPHWULF FDVH DV VKRZQ LQ )LJV DG ,Q WKH17 
SUHVHQFH RI GLSROH ILHOG WKH GRXEO\ GHJHQHUDWH 9% 9% EDQG VSOLWV LQWR VLQJO\18 
GHJHQHUDWHG9%DDQG9%E 9%DDQG9%EEDQGVDQGHDFKSRVVHVVHVDQHWVSLQ19 
SRODUL]DWLRQDV GHPRQVWUDWHGE\ WKHYLROHW DUURZV7KHEDQG VWUXFWXUHRI+0R7H20 
XQGHUGLSROH ILHOG LV VKRZQ LQ)LJ6 >@ GHPRQVWUDWLQJQHJOLJLEOHEDQG VSOLWWLQJ21 
LQGXFHG E\ WKH GLSROH ILHOG ²W7KHUH LV DOVR QR YLVLEOH VXUIDFHV\PPHWU\EUHDNLQJ22 
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LQGXFHGEDQGVSOLWWLQJLQWKHH[SHULPHQWDOO\PHDVXUHGEDQGVWUXFWXUH>)LJD@$IWHU1 
FRQVLGHUDWLRQRIWKHHVFDSHGHSWKRISKRWRHOHFWURQVZHREWDLQHGWKHVSLQSRODUL]DWLRQ2 
6]GDWDLQEXON+0R7HXQGHUGLSROHILHOG>)LJH@XVLQJWKHVDPHPHWKRGDVIRU3 
)LJFE\GHFRPSRVLQJWKHVSLQSRODUL]DWLRQRQWRWKHWZR0R7HPRQROD\HUVLQWKH4 
XQLWFHOO:HILQGWKDWWKHUHVXOWVLQ)LJHDUHDOPRVWLGHQWLFDOZLWKWKRVHLQ)LJF5 
LQGLFDWLQJ FRQILUPLQJ WKDW WKH HIIHFW RI GLSROH ILHOG PLPLFNHG VXUIDFH V\PPHWU\6 
EUHDNLQJ LVQHJOLJLEOH:HZRXOG OLNH WRQRWH WKDW)IRURWKHUPDWHULDO V\VWHPVZLWK7 
VWURQJVXUIDFHV\PPHWU\EUHDNLQJHIIHFWRUODUJHVXUIDFHGLSROHILHOGRQHFDQGHWHUPLQH8 
WKHFRQWULEXWLRQVIURPEXONKLGGHQVSLQSRODUL]DWLRQYHUVXVVXUIDFHV\PPHWU\EUHDNLQJ9 
E\FRPSDULQJWKHFDOFXODWLRQVZLWK>HJ)LJ@RUZLWKRXW>HJ)LJ@GLSROHILHOG7KH10 
VXUIDFH GLSROH ILHOG DQG WKH EXON KLGGHQ VSLQ SRODUL]DWLRQ FDQ DOVR LQGXFH GLIIHUHQW11 
ILQJHUSULQWVLQVSLQWH[WXUHHJKHOLFDOYHUVXVQRQKHOLFDOVSLQWH[WXUH 12 
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,Q VXPPDU\ZHKDYHSHUIRUPHGVSLQ$53(6PHDVXUHPHQWVDQG ILUVWSULQFLSOH15 
HYDOXDWLRQV RI WKH VSLQ SRODUL]DWLRQ LQ +0R7H DQG  UHYHDOHGLQJ D KLGGHQ16 
'UHVVHOKDXV VSLQSRODUL]DWLRQV LQ WKH.DQG.ƍYDOOH\V WKDWKDYHZLWKRSSRVLWH VSLQ17 
WH[WXUHV2XUGHWDLOHGFDOFXODWLRQV:HGHPRQVWUDWHWKDWWKHHIIHFWRIV\PPHWU\EUHDNLQJ18 
VXUIDFHGLSROHILHOGRQVSLQSRODUL]DWLRQLQWKHVXUIDFHVHQVLWLYHPHDVXUHPHQWVLVUDWKHU19 
ZHDNDVLQGLFDWHGE\LWVQHJOLJLEOHFRQWULEXWLRQWRWKHPHDVXUHGVSLQSRODUL]DWLRQDQG20 
WKHLQYLVLEOHVSOLWWLQJRIHQHUJ\EDQGV7KLVVKRZVWKDWWKHPHDVXUHGVSLQHIIHFWVPDLQO\21 
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RULJLQDWHIURPWKHLQWULQVLFKLGGHQVSLQSRODUL]DWLRQLQWKHEXONSKDVH7KHODUJHVSLQ1 
VSOLWWLQJDQGQHWVSLQSRODUL]DWLRQIRXQGLQVSLQ$53(6H[SHULPHQWVDOVRVXJJHVWWKDW2 
WKH KLGGHQ VSLQ HIIHFWV LQ LQYHUVLRQ V\PPHWULF OD\HUHG FRPSRXQGV FDQ EH XVHG WR3 
JHQHUDWHODUJHVSLQVSOLWWLQJRQWKHVXUIDFHVLQWKHDEVHQFHRIVWURQJGLSROHILHOG2XU4 
FRPELQDWRULDOH[SHULPHQWDODQGWKHRUHWLFDOVWXGLHVFODULI\WKHH[LVWHQFHRIKLGGHQVSLQ5 
SRODUL]DWLRQ LQ WKHFHQWURV\PPHWULFPDWHULDOVDQGRSHQV WKHZD\RIGHVLJQLQJQRYHO6 
IXQFWLRQDOPDWHULDOVZLWKFRH[LVWLQJKLGGHQVSLQSRODUL]DWLRQDQGRWKHUKLGGHQHIIHFWV7 
VXFKDVKLGGHQRUELWDOSRODUL]DWLRQ>@DQGKLGGHQ%HUU\FXUYDWXUH>@IRUWKHHQHUJ\8 
HIILFLHQWVSLQWURQLFVDSSOLFDWLRQV 9 
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